
c 

L ,  

RESEARCH MEMORANDUM 

LOW-SPEED INVFSTIGATION OF DEFLECTABIS WING-TIP AILERONS 

ON AN UNTAPEREXI 45' SWEPTBACK SEMISPAN WING 

WITH AND WITHOUT AN END PLATE 

Ely Jack  E'ischel and James M. Watson 

Langley Aeronautical Laboratory 
Langley Air Force Base, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
December 14, 1949 



NACA RM ~ 9 ~ 2 8  UNCLASSIFIED 

By Jack Fischel and Jams M. Watson 

SUMMhRY, 

A low-speed #Ind-tunnel investigation  to d e t e m e  the characteristic€ 
of deflectable Wlng-tip ailerons on an untapred 45' meptback semispan 
wing was made in the Langley 300 HFE 7- by 1 W o o t  tunnel. The ailerons 
investigated had tpiangular and parallelogram plan forms with a maximum 
chord of 0.625 wing chord and a flat-plate profile. These ailerons were 
tested on the plain w i n g  and on the wing with a rectangular end plate 
(to simulate a vertical  f i n )  munted inboard of the ailerom. 

The results of the'investigation  indicated that the plan form of 
the aileron had l i t t l e  effect on the lift, drq, and pitchiqymnent 
characterietics of the whg. The addition of the end plate, however, 
increased the wing lift-curve elope and the drag, but decreased the 
maximum lift and the lift-drag r a t i o  of the wing. 

Aileron plan form generally had l i t t l e   e f f e c t  on the values of 
rolling+mmnt  coefficient produced by aileron  deflection; however, the 
a e r o n s  were more effective on the plain wing than on the  wing with end 
plate. The ailerons should parride  adeqwte lateral control  omr  the 
enkire e - f - a t t a c k  range investigated. The yawing moments resulting 
from aileron  deflection were generally adverse - paxticularly at large 
angles of attack and aileron  deflections. 

The NACA i s  currently  Investigating various devices f o r  me in 
providing adequate lateral control on transonic and supersonic wing 
configurations. The deflectable wing-tip aileron is one of the control 
devices being investigated. Thie aileron  consists of the entire t i p  of 

.r 
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the wing and is deplected about a spanwise hinge axia  approximately 
normal t o  the plane of e y m m t r y  t o  produce rolling mmnt .  The ailerons 
are, of course,  deflected  oppositely on each semispan of a complete wing 
i n  a mazlner similar t o  conventional ailerons . 

Previous  inveEttigatiom of wiqytip  ailerons  deflected f r o m  a free- 
float  ing  position have been made on more conventional (unswept ) wings, 
and have shown adequate lateral  control  obtainable with t h i s  type of 
ailerm (references 1 t o  4). The results of-a preliminary hvestigation 
Qf a triangular w i n p t i p  aileron deflected 30° at an angle of attack 
of 0' on a 42' meptback wing shared that t h i s  control surface provided 
large ro l l i ng  mQmsnts at both svba@c and transonic speeds (refel.- 
ence 5 ) .  In  addition, data obtainad in  89 investigation of various 
extensiblwtype w w t i p  ailerons at  several small deflections on a 
45' sweptback w i n g  showed that a deflectable winpt ip  aileron offered 
promise of providing large rolling moments on a meptback wing 
(reference 6). 

The present  investigation on an untapered 45O sweptback semispan 
wing waa perfomd in  the Langley 300 MPE 7- by 10-foot tunnel in  order 
t o  determine the later& control  characteristics of deflectable-type 
w i n e i p  ailerons on a sveptback wing. A parallelogran+ and a triangul- 
plan-form wing-tfp aileron having flat-plate  profiles and equal areas 

" 
investigated with and without a large end plate (simulating a vertical 
f i n )  mounted on the wing inboard of the  aileron in  order t o  determine 
the  effect of the end plate on both the plain-wing and aileron 
charact erist ice . 

! 

Inasmch 88 the span of the wing equipped with the parallelogram 
and triangular ailerona differed  appreciably (fig. l), all data  presented 
are based on the dimensions of each cmplete-King  configuration. 

The forces and rnommts measured on the  wings axe presented about 
the wind a e 8 ,  which, f o r  the  conditione of these tests  (zero yaw), 
correspond to   the   s tab i l i ty  axes. The Xmis is in  the plane of qmmetqy 
o f  the models and is parallel t o  the tunnel f r e e r e a m  air flow. The 
z-axis is in the plane of symmtry of the models and is perpendicular t o  
the X-axis. The Y-axis is mutually  perpendicular t o  the X-axis and 
-is. All three axe8 intersect  at  the  intereection of the  chord plane 
and the 2Fpercent  dation of the mean aercQnamic chord at the root of 
the models (fig.  1). b. 

. 
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The symbol; used i n  the  presentation of results are as follows: 

CD drag coefricient (D/qS) 

cnl p i t c h m n t  coefficient (M/qSE) 

% yawing+mnent coefficient (N/qSb) 

pb/zP -tip helix angle, radiam 

c dampinpp%roll coefficient ; that i ~ ,  ra te  of change of rolling- 
'IP 

momsnt coefficient  with --tip helix +e & ( J G ) )  
- 
C w i n g  &an aerodpmic chord ($1/2 c2Q) 

(w ing  with pa ra l l e log rep lmform aileron,= 3.42 f't ; wing 
with triangul-glan"form aileron, 3.36 ft ) 

C local w i n g  chord, feet 

b tw i ce  span of each semispan model, incluaFng aileron 
(w ing  with parallelogra+p-form aileron, 6.28 ft ; wing 
with t r i an@m+I" fo rn  aileron, 6.97 f%) 

P l a t e ra l  distance f'rom plane of symmetry, feet  

s twice area of each semispan model, including  aileron 
(2l.02 sq ft) 

M twice  pitching moment of eemispss model about Y-axis, foot- 
pomb 

L roll ing ament, resulting from aileron  deflection, about X ~ E ,  
foot-pounds 

Is yawing moznsnt , resulting f'rom aileron  deflection, about zcaxis, 
f oot--pounds 

I. 
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free-strean  velocity, . .  feet per second 

mas8 density of air, slugs per  cubic foot 

w e  of attack wlth respect t o  chord  plane at root of models, 
degrees 

aileron  deflection, measured between wing chord plans and 
aileron chard plane (positive when t ra i l ing  edge is down), 
degrees 

total  aileron  deflect  ion 

wiY aspect ra t io  (b2/S) 
wing with parallelogran-plan-form aileron, 1.87; Xing with 

triangdar-plan-form aileron, 2.31) 

ra te  of change coefficient with"af1eron 

The angle-of-attack and the drag data have been corrected for jet- 
poundary (induced-upwaah) effects according t o  the methods outlined  in 
reference 7. B lockage  corrections were. applied t o  the test data by the 
methods of reference 8. 

I 

Reflection-plane corrections were not applied t o  the rolliqpmment 
and y-awi-nt data because available  correction  data did not apply 
t o  the conf'iguratione of th i s  inmatigation. However, by extrapolation 
of the  correction data of reference 9, it is estimated that the values 
of C2 presented  herein were approximately 10 percent too high for both 
w i w i l e r o n  configuratiom. In addition,  the yawing  momente, if  
corrected, would be gemrally more adverm than the data show. 

The right eemiapan wing model was mounted vertically i n  the Langley 
300 MPH 7- by l&foot tunnel with the  root chord of the model adjacent 
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to  the  ceil ing ( f ig .  2), the  ceiling  thereby acting aa a reflection 
plane. The w i n g ,  exclusive of ailerons, was constructed of s t ee l  and 
mehogany t o  the plazl-form dimemions sham in figure 1. The wing had 
NACA 64A010 a i r f o i l  sections normal to   t he  wing leading edge and had 
neither tw i s t  nor dihedral. The wing t i p  was a body of revolution. 

A vertical  end plate which roughly approximated a vertical  tail 
surface waa mounted on the main  part of the wing, inboazd of the wl- 
t i p  body of revolution, f o r  a portion of the  investigation. This end 
plate was a I -fnch-thick sheet of plywood with rounded edge8 and wa8 

cut to   the plan-form dhenaions and mounted on the wing as shown in 
figure 1. 

2 

Two plan forms of m i p  ailerons were used In the  present 
investigation; one aileron had a parallelogram plan form, and the other 
a triangular plan form. Both ailerons had root chords of 0.625~ and 
equal meas ( f ig .  1). The ailerons were constructed of A- inch-sheet 

duralumin with a rounded leading edge and a 12' beveled t ra i l ing  edge 
along the entire  pan of each aileron. The trailing edges 'of both 
ailerons were swept back k5O. The ailerons were deflected &out a 
spanwise axis passing through the. 0.Ftipchord etation of the wing and 
the O.+root-chord station of the Etfleron. 

4 

t Although the ailerons  investigated did not have a conventional e 
f o i l  section, as would probably be the caee in a practical  application, 
the  ailerons are believed t o  simulate an actual  airplane arrangement 
sufficiently w e l l  t o  supply representative data. 

All t e s t s  of the 45' sweptback wing with the p a r U e l o g r a +  and 
trimgulaz-ph+fom *tip ailerom were performed i n  the Langley 
300 MPH: 7- by l s f o o t  tunnel at a d p m i c  pressure of approximately 
50.5 pound6 per square foot, which corresponds t o  a Mach number of 0.19 
and a Repolds  number of about 4.4 X lo6 based on the wing mean aer- 
dynamic chord. 

The aerodynamic characteristics in pLtch were determined for  the 
wing-aileron  configuratfom with and without the end plate through an 
angl-f-sttack range from positive t o  negative wing stall. The l a t e ra l  
control  characteristics of each w i w e r o n  configuration  (with and 
without the end plate) were also determined through a similar angle-of- 
attack range at various aileron  deflections between Oo and 
approximately 30'. 
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DISCUSSION 

Aerodynamic Characteristics in Pitch 
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The l i f t ,  drag, and pftchlng+ncmnt coefficients for the  plain wing 
and for  the wiw with the end plate are presented in figures 3 and 4, 
respectively. 

The data of figures 3 and 4 shm that a change in aileron plan form 
had l i t t l e  or  no effect on the  aerodpmic  characteristics of the plain 
w i n g  or the wing with the end plate. For all conf‘igurEtions inveeti- 
gated, the wing aerodynamic center WBB between about O.23k and 0.2F at 
the low lif% coefficients, and stable pitchi-nt characteristics 
were exhibited at the wing stall. 

The effect on the lift charracteristics of adding the end plate t o  
the wing w a s  t o  increase the 1if”curve slope from 0.040 t o  0.046 and t o  
decrease the maximum lif’t coefficient by approximately 0.23. (Compecre 
figs. 3 and 4. ) Although the  effect of an end plate in  increasing  the 
w i n g  l if t-curve slope  has been found previously on unswept w b g s  ( r e f e p  
ence 10) and results from an increase in  the  effective aspect ra t io  of 
the w i n g ,  the unswept wings a l ~ o  showed an increase i n  maxm lift 
coefficient when the end plate was added (references 10 and 11). The 
aforemsrrtioned values of lffticurve slope obtained on the w i n g  c o n f ‘ i p  
rat ions  reported  herein (0.040 on the plain wing and 0.046 on the wing 
wlth end plate) correspond t o  effective aepect ratioe of about 1.8 
and 2.3, according t o  the  charts ,of reference 12. It is of interest t o  
note that,  although the plain wing with the triangular-plan-form aileron 
had a geometric aspect ra t io  of 2.31, its effective  aspect  ratio was 
less  (about 1.8). The reaaon for  t h i s  phencrmenon is unknown at present. 

The addition of the end plate t o  the wing also produced an increase 
in   the  values of drag coefficient and an appreciable  decrease in   the 
values of the 1iMag ra t io  over the  entire  lift-coefficient range 
(figs. 3 and 4). This increase in drag coefficient wa8 faiqly small and 
constant at low values of lift coefficient (up t o  about 0.6 lift coef- 
f ic ient)  and became f a i r l y  large a t  high vdues of lift coefficient .. 
The break in  the curve of p i t c h i m n t  coefficient  plotted against 
l i f t  coefficient and the decrease in the slope of the lift curve of the 
wing with end plate  for value8 of CL above 0.6 indicate eome fom of 
separation or  adverse flow effects  at  the wing end-plate Juncture. This 
i n  all probability causea the much larger values of drag coeffictent f o r  
the wing with end plate. Reference 11, however, indicates  that  the drag 
coefficient of unrswept wings is less   a t  moderate and large lift coef- 
f ic ients  with an end plate  imtalled  than without one. 



HACA RM ~ 9 ~ 2 8  - 7 

The pitchirqynoment data obtad.miL on the wing with and without  the 
end plate were about the sane, except that  the wfng with the end plate 
wae slightly less etable  than  the  plain wing. 

The r o l l i w n t  and yawi-nt data obtained through the 
angle-ofdttack range f r o m  t e s t s  of the 45O swey-tback wing at  positive 
deflections of the m i p  ailerons we presented in figurea 5 t o  8. 
In order t o  show the  variation of roll-nt coefficient with 
aileron deflection,  the roll-nt data of figures 5 t o  8 were 
cross-plotted  agalnst  aileron  deflection as sham in figurea 9 and 10. 
Inasmuch &a all w m e r o n  configurations  investigated were e p m t r i c a l  
and had syrmnstrical profiles (although the end plate waa asyrmnstrically 
placed on the -1, the roll-nt data  obtained at positive 
aileron  deflections and negativa anglee of attack (figs. 5 t o  8) were 
cross-plotted wlth opposite signa in  figures 9 and 10 t o  provide data 
a t  negative aileron deflections and poeitive angles of attack. 

Effect of aileron plan form.- A canparison of the  data  obtained 
with the triangular aniL parallelogram W i p  ailerons  reveals an 
inconsistent  effect of aileron plan form on the roll-lng moments over the 
mgle-of-attack range (figs. 5 t o  8). The rolling+mnent  data  presented 
in figures 5 t o  10 also show that  a’seriotm  reduction of rolling nomen’ 
occurred for  positive aileron deflections  at  the hi@r positive angles 
of attack, and in some cases,  the  aileron  effectivenese  reversed.  Thie 
loss in  effectivenees and the aileron revered probably result  from the 
.s ta l l ing of the afleron at large deflections and wing angles of attack. 
Because wing stall angle generally increases  with angle of mepback, 
pRrticularly  with sharp leading edges, the t r i m g d ~ p l a n - f o r m  aileron 
e a i b i t e d  less tendency t m d  aileron reversal than  the p a r a l l e l o g r m  
plan-form aileron. Similar effects of a large reductfon and reversal of 
aileron effectiveness at large positive values of a and 6, were not 
exhibited by the data of references I t o  4 because the  ailerons of the 
reference  investigatiom were ”free floating” - which enabled them t o  
assume low incidences in the neutral  condition - and also had 
conventional airfoil   profiles,  so that  the  ailerons  did not stall  when 
deflecsed t o  moderate deflectione. 
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A compa;rison of the value13 of the slope 
ficient  against  aileron  deflection C a t  

'8, 

of rol l ing+nmnt coef- 
CL = 0' for the  four  wing- 

'aileron configuratiom is ahown in the following table: 

C2 
Aileron plan form - 6a 

Plain wing Wing with. end plate 

Triangular 0 .00061 0 .Ooo72 
PS;rUelogram .00047 .om72 

Although the values of Cz f o r  the two aileron plan f o m  on the wing 

with end plate  differed  appreciably at a = Oo, aileron  plan form 
generally had l i t t l e   e f f e c t  on the rolling moments of either  the  plain 
wing or  the wing wlth end plate over moet of the angle+f*ttack range. ' 

In  addition, all aileron configuratiom exhibited larger value13 
of Cz at a = and loo than at a = 0' (figs. 9 and 10). 

6a 

6a 

The ya-ment data shown in  figure13 5 t o  8 exhibit l i t t l e  or no 
consistent  effect of aileron plan form. Although the yawirqymmnt data I 

have not been cros8-plotted again& aileron  deflection (ae were the 
rolling+aoment data),  the values of C, for  positive aoglee of attack 
and negative  aileron  deflections would retain the same signs and values 
as a h m  i n  figures 5 t o  8 f o r  negative value8 of u and positive value8 
of 68. Analysis of them data i n  conjunction  with the rolling+mnent 
data of figures 9 and 10 shows that  the yawing moments were generally 
adverse and became more adverae with incream in angles of attack and 
aileron  deflection. A t  the higher angles of attack,  the adveree 
CJCz ratio amounted t o  ~ E I  mch 88 1.5 fo r  all aileron configurations. 

Effect of end plate.- The data obtained on the wing with end plate 
( f iga . 7 and 8) generalIy showed a decrease i n  the  roll ing mcments 
obtained through most of the  engle-of-attack range and over the  aileron- 
deflection  rmge, compared with the rolling moments produced on 'the plain 
wing (figs. 5 and 6). Thfs effect probably results from the fact that 
the end plate reduces any "carry+ver*' of loading from the aileron t o  
the wing and vice  versa, and cause8 the  aileron  to  act   ementially aa an 
independent semispan wing in   the  presence of the end plate. As an 
independent w i n g ,  the aileron, becawe of i t 8  low a8pect ra t io  and large 
eweep, produce8 small incrementa of lFft - hence, -1 values of 
ro l l i ng  moment  fo r  given deflectiom - and is less effective  than  the 
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aileron without the end plate, which evidently  benefits from the 
"carry4rern between wing and aileron. Figures 5 t o  8 show that  the 
ailerons in the preseme of the end plate mairrbained their  effectiveness 
t o  higher  positive  angles of attack (at positive  aileron  deflections) 
before  exhibiting trends tarard reduction of C2 than did the ailerona 
on the  plain wlng, This favorable  effect of the end plate may result  
f r o m  the  elimination of any mutual adverse effects between the w i n g  and 
aileron  resulting from the wing-aileron Juncture, or  f r a a n  the el- 
t ion  of upflov around the wing t ip .  

/ 

The yawing  montents obtained on the wing with end plate were usUBu7 
less adverse than those obtained on the plain wing over the entire angle- 
of-attack r-e, particularlg at low values of angle of attack. 

In order t o  ver- that the -tip aileron  acts aa an independent 
semispan wing in  the presence of the end plate - which, i f  true, would 
allow the  estimation of the  aileron r o l l i n g  effectiveness  for such 
configurations fairly a imp ly  - calculations were made of the  rolling 
maansnts contributed by the  ailerons on the wing with the end plate, 
The estimated vslues of r o l l m n t  coefficient were calculated , 

bg the  relationshi2 

f o r  various  aileron  deflections at a = Oo. The lift of the triangular 
alleron used in the preceding  equation waa cmputed fram the  data of 
reference 13 and the lif% of the paJretllelogram aileron was ccanputed from 
the  data. of reference 14. The estinaated values of C2 thereby 
calculated are conpared with the   t es t  values of C2 in  f igure U. In 
addition, the estim.&ed esd t ea t  value6 of C2 for the wiqptip aileron 
on the Xing of reference 5 (a t  8 Mach nlmiber of 0.5) are sham in  f igure 11. 
Estimated vdues of Cz at  values of a other  than Oo were also 
camputed f o r  the  present ailerons, but were limited by the lack of 
aileron lif't data at   lerge angles of incidence  -where stalled-flow 
conditions  exist over the  aileron - and axe not  cmpared  herein with 
the  tes t  values of C2. The excellent agreement obtained between 
all est-ted and t e s t  values of Cz indicate that the aileron 
effectiveness of wing-tip ailerons mounted outboard of an end plate may 
be cmputed by this procedure. Became of the  greater  effectiveness of 
the ailerons without the end plate,  the  aforemntioned mthd  would 
provide  conservative  estimates of the  aileron  effectiveness f o r  such 
wing configurations. 9 
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Rolling performance.- h order to   i l lus t ra te   the  rolling 
effectiveness of the ailerons investigated, values of the wing-tip h e l e  
angle pb/2V were calculated  for each aileron  configuration from the 
data of figures 3 t o  8 and the curves of figures 12 and 13 and are pre- 
sented i n  figurea 14 t o  16. The three aileron linkage system used in  
these  calculation6 provided differentials (at maximum aileron deflection) 
of 1:1 (equal up and down deflect  ions), approximately 2 : 1, and approxi- 
mately 3:l. (See fig.  12.) The estimated values of pb/2V were 

obtained frau the relationship - pb - '2 . m e  values of c used for  
2 v c  
" 

'IP 
IP 

shown in  figure 13. !The values of used i n  the foregoing 

equation were 4.17 for the wing with the pazd.h~Ogr€mb-pbn~an-form aileron 
and -0.21 for the wing with the triasgulasliplan-f o m  aflerm and were 
obtained f r a n  reference 12. Because the magnitude  of the.effects of the 

w e d  for  the  plain wing Etnd the  wing with end plate; however, because of 
its larger value of lift-curve slope, the wing with end plate i s  
expectefi t o  have larger values of C than  those shown in  figure 13, 

and unpubliehed dampiqpin-roll  data  corroborate this belief. The 
values of C2 wed in  calculating pb/2V are the values thought t o  
exist  during  steady rolling; that is, the difference in  angle of attack 
of the two wing semispam due t o  rolling has been taken  into account. 
No corrections were made t o  the value8 of pb/2V t o  correct for the  
effects of &verse yaw or w i n g  tx ie t  on the rol l ing effectiveness of 
these ailerons on an airplane. In  addition, it ehould be remembered 
(&B previously  discussed) that reflection-plane  correctioxu were not 
applied t o  the rolling-ment data. 

IP 

The data of figures 14 t o  16 show that  the required value of the 
helix @e of 0,Og specified in reference 16 may generally be obtained 
with approximately 27O total  deflection of the triangular or  parallogram 
ailerons on the plain wing, regardless of the aileron  differential 
employed; about 8O more total  aileron  deflection would generally be 
required from the correepondfng ailerona an the w i n g  with end plate. 
Although, a6 previouely discussed, aileron plan form had little effect 
on the values of C2 obtained, the laxger values of C used for the 

2P 
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wing with the triangulm aileron accounts fo r  the larger values of pb/2V 
usually obtained with the  parallelogram  ailerons. In general, became 
of the  differences in the  variation of the value8 of C2 with a fo r  

the  plain wing and the wing with end plate, the roll ing effectiveness of 
the  ailerons on the Xing with end plate  exhibited large increases  with 
increase in a BB contrasted t o  the  amaller increams i n  roll ing 
effectiveness  with  increase in a (up t o  a = loo) exhibited bg the 
ailerons on the plain whg. AB a result  of these trends, the  ailerona 
on the wlng with end plate produced larger  values of pb/2V at large 
values of bc than did the  ailerons on the plain wing; however, if the 
true  variation of C with a for  the wing with end plate were hm, 

the  result8 may differ somewhat f r q m  those shown by the present  data. 
The data of figures 14 t o  16 also show that the aileron  differential  
generally had a negligible  effect on the rolling performance of aay 
aileron  configuration,  except  possibly  at  very large angles of attack, 
f o r  which an increased  rolling  effectiveness is uauallg exhibited by 
employing the 2:l or  3 : l  differential  as compared with the 
1 : 1 diff erent ial . 

P 

2P 

As previously  discused,  the  effects of adverse aileron yaw on the 
estimated  rolling-performance Char&~teri8tfC8 shown in  f igures 14 t o  16 
have not been considered in the calculatione. These adverse yawing 
maments would tend t o  reduce the  rolling  effectivenee8 of the  ailerons 
bg inducing sideslip -par t icular ly   in   the high-1ift-coefficfen-b range. 
In some instances, a sizeable  deflection of the rudder 6 be required 
t o  perform a  coordinated roll. It is w e l l  t o  note, however, th’at these 
adverse yawing moments are cmp&able t o  those produced by conventional 
flaptype ailerons  (reference 17). 

An investigation of t r i m -  and paYlallelograz+plar+form 
deflectable  winptip ailerona on an uutapered 45’ sweptback semispan 
wing with . a n d  without an end plate  (simulating a ver t ical   f in)  was 
performed in   the Langley 300 “H 7- by 10-foot  tunnel. The rectangular 
end plate was mounted on the w i n g  just  inboard of the  ailerons. The 
results of the  investigation  led t o  the following conclusions: 

1. Each of the  aileran  configurations  investigated should provide 
adequate latereil  control over the ent i re   mgle-ofet tack range 
investigated. 

2. The yawing moments resulting from aileron deflect ion were 
generally  &verse - particularly  at lmge angles of attack and aileron 
deflect ions. 

* 
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3.  Adding the end plate   to  the wing increaeed. the wing lif’t-curve 
- elope and the d r a g , ,  but  decreased the wing maximum lift and the lif” 
drag ra t ios  appreciably and also decreased the aileron  effectiveness. 

.“. .- . . 

4. ’Aileron plan form generally had l i t t l e   e f f e c t  on the values of 
rolling-momnt  coefficient and y a w i w n t  coefficient  poduced by 
aileron  deflection, o r  on the lift, drag, and pitching+mment charm- 
te r ie t ics  of the wing model. 

Langley Aeronautfcal  Laboratory 
National Advimry Committee f o r  Aeronautics 

Langley Air Force Base, Va. 

” 
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Figure 1.- Geometric characteristics of the 45" sweptback  wing, 
wing-tip ailerons, and end plate.(All dimensions  in'inches  unless 
otherwise noted.) 
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F l w e  2.- The 45' meptback sen~Lsp wing mouated in the Langley 300 MPB 7- by l M o o t  tunnel. Plain 
w i n s  with triangular wing-tl.p alleron. - 
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Figure 4.-The a6rodynamic characteristics in pitch of the 45* Wqtback Wing 

equipped with deflectable wing-tip ailerons. Wing with end plate;&=O? 
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Figure 5.- The rdlling-moment  and  yawing-moment  characteristics of the 45" sweptbuck  wing for 

varlous  deflections of the triangular wing-tip aileron. Plain win9 
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Figure 6.-The rdling-moment  and  yawing-moment  chamcteristics of the 45"sweptback wing for val 

deflections of the parallelogram  wing-tip  aileron. Plain wing. 
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Figure 7.- The rolling-moment  and  yawing-moment  charocteristics of the 45"sweptback wing for  vanous 
deflections of the  triangular wing-tip  aileron.  Wing  with  end  plate. 
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Figure 8.- The rolting-moment  and  yawing-moment  choracteristicsof  the 45" sweptback wing for various 
deflections of the parallelogram wing-tip  aileron.  Wing  with  end plate. m 
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I (a ) Triangular  wing-tip  aileron. I -.o 2 
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Figure 9.- The rolling-moment characteristics of the  45"sweptback 
wing at various ongles of attack and aileron  deflections. Plain 
wing. 
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Figure 10.- The rolling-moment characteristics of the 45" sweptback 
wing at various angles of attack  and  aileron  deflections. Wing 
with end plate. 
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Figure 15.-Variation of estimated  wing-tip  helix  angle 2v with total  aileron 
deflection for the 45" sweptback complete wing.  Aileron  differential, 2:l 
(approxlmofely). 
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Figure 16.-Variatfon of estimated  wing-tip helix angle E wifh toid aileron 
deflection  for  the 45" sweptback  complete  wing.Aiieron  differential,3:l 
(approximately). 
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